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The ryanodine receptors (RyR2) are the calcium release channels in sarcoplasmic reticulum (SR), which
is the main C# store for cells of the heart. Mutations in RyR2 or calsequestrin cause arrhythmias as a result of
increased diastolic Garelease via RyR2. Such an abnormality manifests in Catecholaminergic Polymorphic
Ventricular Tachycardia (CPVT), a form of cardiac arrhythmia that can lead to sudden death.

Therefore, a logical thergdor CPVT would be a RyR bloek to counter the mutation induced increase
in RyR actvity. Howeva, it is not clear that inhibitiomper se has an anti-arrhythmic action because a commonly
used RyR inhibitgrtetracaine, has a pro-arrhythmic actionaf@habeet al., 2009). Recentlywe found that
flecainide, a Nachannel blocker of the Class | anti-arrhythmic group, was higfégtafe a preventing CPVT
by a combined inhibition of the Nahannel and RyR2 (fanabeet al., 2009). Single channel recording of
RyR2 in lipid bilayers showed that the kinetics of block by flecainide and tetracaine argraliferent.
Flecainide decreased channel mean open time whereas tetracaine increased mean closed timg @Hjlliard
2010). In the same studyneasurements of €asparks reealed that flecainide decreased spark siae b
increased spark frequencesulting in zero net effect on diastolic SR?Ckeak and store load. On the other
hand, tetracaine caused a decrease in spark fregquegglting in an increased store load and increased spark
size. The larger sparks were much more likely to initiate glob&l @ansients, delayed after depolarisations in
cardiomyogtes. Havever, it is not clear hav the single channel blocking action of flecainide leads to its
beneficial effect on G4 spark properties. This is because our knowledge of the mechanism underl§ing Ca
sparks is incomplete. Here we present the first model to explairs@ark properties in terms of the structure of
the diad (measured from electron microscopy) and the kinetics RyR2 gating determined from single channel
recording. V& use this model to skwhow the therapeutic action of flecainide on’Csparks relies on a drug
that reduces RyR2 open times without affecting closed times.

In the model, the t-tube is presented as a cylinder (125 nm radius aman3ong). Wrapped around its
circumference, at its midpoint, is the terminal SR, which is represented as a rectangulaz (i®Gcaknx 26
nm x tubule circumference). The terminal SR is connected to the longitudinal SR (LSR) at the centre of the
pancalke. LSR is represented by a labyrinth of tubules distributed throughout the cytoplasm. RyRs are located in
the terminal SR membrane and releasé' @do the diad cleft (15 nm across) between the terminal SR and the
t-tubule. In the present study6 RyRs were arranged in &4 aray with nearest neighbour separation of 31 nm.

The kinetics of RyR openingag determined from single channel recording of luminal and cytoplasrfiic Ca
activation of RyR2 in bilayers, in the presence of M¢L mmol/l), ATP (2 mmol/l). C& uptale was simulated

by a well-established model for SERCa2 located in the LSR" @#usion and binding to G4 indicators

(Fluo3 and Fluo5), in and around the diad, were calculated by solving Ficks equation using Matlab on a
MacBook Pro computer with quad i7 microprocessors.

Ca* sparks were triggered either by injecting?Cimto the diad clefti(e. simulating the opening of a
single L-type C&' channel) or by the opening of a single RyR by lumin&*CEhe C&* released into the cleft
by only two open RyRs was sufficient to trigger the remaining RyRs within 3 n%. i€ease decreased the
free [C&"] in the terminal SR (from 1 mmol/l to 0.1 mmol/l within 5 ms), leading to a loss &f @&ase,
depletion of C& in the cleft and a loss of RyR aaiion. All RyRs closed within 10 ms, the €aspark
terminated if25 ms and [CH] in the terminal SR returned to 1 mmol/l with a time-constarfl®0 ms. The
recovery time-constant as determined by the rate of Laliffusion from the LSR. Triggering of €asparks
during this restitution phase resulted in smallet*Gaarks because of SR depletion. In our model simulations,

a decrease in RyR mean open time from 4 to 2 ms, without increasing closed times, caused a 10% decrease |
spark amplitude, a 40% increase in store load at maximal depletion and a 40% increase indiyeofestore
load. The faster rewery explains the increased spark frequecaused by flecinaide.
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